Abstract. To date, few large web-based epidemiological studies have been performed in a populationbased setting. Sweden has optimal prerequisites for web-based studies with more than 80% of the general population having access to the Internet. Our aim was to investigate (I) response rates in an epidemiological study using primarily the web as a tool for data collection and (II) whether socio-demographic patterns vary between responders to a web and a paper questionnaire. In 2003, we invited 47,859 women to complete a web questionnaire. Two reminders were sent to non-responders; in the first a random sample received a paper questionnaire and in the second the majority received a paper questionnaire. All other non-responders received web questionnaires. Differences in response rates between responders to web and paper questionnaires with regard to socio-demographic and other variables were analyzed, and estimates of the bias introduced by these differences were estimated. In total, 41% of the women responded to the web questionnaire and 31% to the paper questionnaire (overall response rate 72%). The web-, paper-and non-responders respectively did not differ significantly in age, physical activity levels, and body mass index. Women answering web or paper questionnaires had a higher level of education and income and a lower level of smoking than non-responders. The bias associated with collecting information using web questionnaires was not greater than that caused by paper questionnaires. We conclude that web-based questionnaires are a feasible tool for data collection in large population based epidemiological studies in Sweden.
Introduction
With over 80% of the general population having access to the Internet in 2004, Sweden has optimal prerequisite for web-based epidemiological studies. In 2002, 83% of 16-64 year olds had access to a computer in Sweden [1, 2] . Another advantage when performing epidemiological studies in Sweden lies in the existence of national population-based health registries such as the National Cancer Registry, the Death registry, and other population registries held by Statistics Sweden including information on sociodemographic variables etc. [3, 4] . Up to date, few large population-based studies have been conducted using the Internet as the primary means of data collection. Although a fast developing field where many research initiatives are undertaken, previous studies have not been population-based, respondents were often self-selected and the findings therefore difficult to generalize [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Web-based questionnaires have several advantages compared to paper questionnaires including improved data quality, reduction of costs and time from initiation of the study to the receipt of analyzable data [14, 15] . The interactive element, which allows for the inclusion of visual aids as well as design issues simplifying for the responders, is yet another of the advantages compared to traditional tools for data collection. Our aim was to evaluate the use of web-based questionnaires as a tool for data collection in what is otherwise a standard prospective epidemiological study. We wished to investigate whether socio-demographic characteristics and other health related factors affect the probability of responding to a web-based questionnaire. We present results from a populationbased cohort study with 47,859 women conducted in Sweden where initially a web questionnaire was used. Randomly selected non-responders were invited to complete a paper questionnaire whereas other nonresponders were sent a reminder to complete the web questionnaire. We compare socio-demographic and health related characteristics of responders and nonresponders of the different data collection methods and compared a number of exposure-outcome associations in the web, paper and non-responder groups respectively to assess the potential bias caused by the methods used.
Materials and methods

Study population
A population-based sample of 96,000 Swedish women born between 1943 and 1962 (age 30-49 years), residing in Uppsala health-care region, was randomly selected from the Swedish Central Population Registry at Statistics Sweden in 1991/1992. Women were invited by letter to answer a selfadministered paper questionnaire that was sent by post. The questions included smoking, body size and shape, oral contraceptives (OC) use, and reproductive history. The participation rate was 51.3%.
In Instructions for how to find the website, login using a personal username, and answer the questionnaire were also included in the invitation letter. Immediately after login the participants were asked to provide their e-mail address, if they had one, after which they were directed to the study website containing the link to the questionnaire and further information about the study.
The questions included in the web questionnaire were updates on exposure information from the 1991/ 1992 questionnaire. The questionnaire included approximately 70 questions including OC and hormone replacement therapy (HRT) use, reproductive history, and lifestyle, among others. To aid recall the participants had the possibility to download colure pictures of nearly all contraceptives sold in Sweden since 1992.
In June 2003 reminders were sent to nonresponders using 5 different combinations of means of contact and response mode. Allocation to the 5 groups was based on (i) if information on e-mail address was available and (ii) through randomization ( Figure 1 ). Originally 5000 women were to be randomized to group 1.1 although 26 did not receive questionnaires as they had died or could not be traced. This number was chosen for financial reasons and based on power calculations. Group 1.1-1.2 -30,880 women had not provided an e-mail address were randomized as follows: Group 1.1 -4974 women without an e-mail address were randomly allocated to receive a reminder by post. Included in the invitation letter was a paper-based questionnaire. These women had the option of answering the web questionnaire or a paper questionnaire. If the web-based option was chosen, the participant entered the study webpage, logged in and accessed the web-based questionnaire. Group 1.2 -25,906 women without an e-mail address were randomly allocated to receive a reminder by post, just as group 1.1. However, they were only given the web-based questionnaire alternative (i.e. the same procedure and information as for the first invitation). Group 1.3-1.5 -1057 participants had provided an e-mail address after the first invitation but had not responded to the web-based questionnaire. These were randomized into three groups of equal size ( Figure 1 ): Group 1.3 -received a reminder by post as well as a paper questionnaire giving them the alternative to answer either the web-based or the paper-based questionnaire (same as group 1.1) Group 1.4 -received an e-mail reminder with a link to the study webpage. The personal login information was included in the e-mail. The participant herself had to login. No paperbased alternative was offered. Group 1.5 -Received an e-mail reminder with a direct link to the individual web-based questionnaire. Hence, the participant did not need to login. No paper-based alternative was offered.
In November 2003 a second reminder was sent to those who still had not responded. Again the women were allocated to two groups. This time the allocation was dependent on if the women had provided an e-mail address or not.
Group 2.1 -25,145 woman without an e-mail address received a second reminder via post. A paper questionnaire was included. No web questionnaire was offered as an alternative response mode. Group 2.2 -1135 women with an e-mail address were sent a second reminder via e-mail including a link to the study webpage. These women were not offered a paper-based alternative.
Approximately 1 year after the initial invitation (January 2004), the web-based questionnaire was taken off-line thereby ending study enrolment. Women who were deceased or had emigrated as of October 2002 were excluded from subsequent analysis, as were participants who had changed their address without providing a new address (266 women). In total 47,859 women were included in the analysis.
The Ethical Committee at Karolinska Institutet approved the study protocol. Women were informed that completing the questionnaire implied consent to obtain additional information by linking with national health registers and that their confidentiality was guaranteed. The information contributed by the participants was handled confidentially and protected by the Personal Data Act [16] . The participants were not asked to fill out their name, address, or personal identification number although these were known to us. The unique login served as the identifier. For the paper questionnaires, a serial number was created that served as a unique identifier.
Statistical analyses
We calculated response rates (proportion responding) and estimated ratios of proportions (relative risks) to compare the response rates between subgroups. We estimated adjusted relative risks using a generalized linear model with a binomial error structure and logarithmic link [17] . Comparisons were made between web-responders and non-responders as well as web-responders and paper-responders regarding age (5-year intervals), education ( 9, 9-12, >12 years), cigarette smoking (ever/never), physical activity (high/low), parity (0, 1-2, !3 children), country of residence for largest part of their life (Sweden, Nordic counties, other) and body mass index (BMI, kg/m 2 ). Since the women had previously answered a questionnaire (1991/1992) we were able to estimate measures of association in the source population (women alive at the initiation of the follow-up 2002/2003) and compare these to estimates based on responses to the follow-up questionnaire. To estimate potential bias caused by non-response and method used for data collection (web or paper questionnaire), the relative risk for a number of known exposures (smoking and physical activity) and outcomes (myocardial infarction, parity and BMI) were analyzed.
Due to the large sample size, 47,859 women, small differences without practical relevance may be statistically significant so we do not present p-values or focus on statistical significance. All analyses were performed using Stata 8.2 (College Station, TX).
Information on income was obtained from the longitudinal database LOUISE (Statistics Sweden) covering all persons aged 16-64 living in Sweden [4] . Information on income was only available at grouplevel.
Results
The overall response rate was 72%: 41% responded to the web questionnaire and 31% responded to the paper questionnaire ( Figure 1 ). The original invitation (web only) received a 33% response rate, the first reminder (web and/or paper) 12% and the second reminder (web and/or paper) 27%. Response rates varied within the reminder batches between the different groups. Women reminded via e-mail with the option of web and paper questionnaire (group 1.3, see Figure 1 ) received the highest response rate, 54%. The women reminded via post and given the option to answer a web or a paper questionnaire (group 1.1) had a response rate of 43%. The women reminded via e-mail with a direct link to the web questionnaire (group 1.4) or a link to the web site were they could log on to the questionnaire (group 1.5) had a total response rate of 19%. The lowest response rate, 12% was observed in the group of women that were reminder via post and with web questionnaire as only alternative answering method (group 1.2).
In the second reminder a response rate of 50% was observed from the group reminded via post and given a paper questionnaire (group 2.1, see Figure 1 ). The women reminded via e-mail with a link to a web questionnaire (group 2.2) had a response rate of 17%.
Responders were, in general, more likely to have a higher level of education and a higher income compared to non-responders, to smoke less and to be born in a Nordic country (Table 1) . No differences were seen between responders and non-responders with regard to age, BMI, physical activity level and parity.
In general, the women responding to the web questionnaire had a higher family disposable income compared to both the paper responders and the nonresponders (Table 2) . A similar trend was observed when individual incomes were studied.
No association was found between smoking, BMI, parity and level of activity and the probability of responding to a questionnaire, irrespective of whether it was a web or a paper questionnaire.
A comparison was made between the responders and non-responders in group 1.2 ( Figure 1 ). These women had only been offered the web questionnaire mode (Table 3) . Women with more than 12 years formal education were twice as likely to respond to the web questionnaire at this stage compared to women with less than 9 years education (relative risk (RR)=1.98, 95% confidence interval (CI): 1.78, 2.19) adjusting for age, education, BMI, smoking and having lived in a Non-Nordic country for the largest part of your life. Smoking (RR=0.88 CI: 0.82, 0.94) and having lived in a Non-Nordic country for the largest part of your life (RR=0.77, CI: 0.63, 0.95) were negative predictors of answering the web-based questionnaire.
When comparing web responders from the first reminder (group 1.2, Figure 1 ) with the nonresponders of that group that subsequently received and answered a paper questionnaire in the second reminder (pertaining to group 2.1), the strongest association was seen for the women with more than 12 years education, (RR=1.76, CI: 1.59, 1.94). There were no statistically significant associations with regard to age or having lived in a Non-Nordic country for the largest part of your life, and the response rate in either group (Table 4) .
In the source population (i.e., using data collected in the 1991/1992 questionnaire) the RR for myocardial infarction comparing smokers to non-smokers (adjusted for level of education) was 1.49 (CI 0.95, 2.33). 
Discussion
A response rate of more than 70% out of which 41% were web responses implies that the web can be used successfully to collect health related data in a population-based study of middle-aged women in Sweden. Level of education, income and being a nonsmoker were positive predictors of participation. These differences, however were not large when comparing the responders to web and paper questionnaires. As such, our results support previous conclusions that the web can be used as a supplement for the traditionally used methods [18] [19] [20] . The highest response rates were obtained when two response methods -web and paper questionnaireswere offered. Irrespective of mode of contact, when the only choice was web, the response rates were considerably lower. This is not surprising since people have different preferences and prerequisites and thus having more than one option will appeal to a larger part of the population. In view of the constantly increasing Internet penetration these response rates gives us reason to believe in the future use of this powerful and advantageous data collection tool. Assessing the potential differences between the women of the different response groups with regard to socio-demographic pattern was of vast importance and one of the major strengths of the study. Even though differences with regard to level of education, income and smoking between the web responders and the paper responders exist the potential bias caused by these is not large (Table 5) . Although still a problem, bias is not greater for web methods compared to traditional methods such as paper. Thus far, this has been a major methodological concern [14] and the survival of the method as a data collection tool in population based epidemiological studies is amongst other things dependent on whether or not selection bias can be avoided. Looking at any bias caused by the method, only very small differences were found. Thus we conclude that as a method, the use of web questionnaires in our study did not introduce bias to any larger extent than paper questionnaires.
The level of education was higher among the responders (irrespective of mode of response) compared to the non-responders. The difference however increased with the number of response methods offered. This suggests that some of the women that prefer a paper questionnaire will nonetheless respond to a web questionnaire when this is the only response method offered.
Our results suggest that if the study were conducted using web questionnaires with only one reminder we would have obtained a response rate of 41% (0.33+0.12*0.67=0.41). Apart from the level of education, which is strongly correlated with response to a web questionnaire (RR=1.76) the web and paper responders were not considerably different. Depending on the question under study this could be regarded as either a low or satisfactory response rate. For studies requiring a very high response rate the use of only web-based solutions might not be ideal. However, in such cases, using only paper questionnaires might not be sufficient either. Using a mixed mode could be the only option, perhaps even having to use telephone interviews or face-to-face interviews as a last reminder in order to get a response rate as high as possible. When generalizability is of major importance other issues become relevant. As the sizes of epidemiological studies increase, fewer institutions will have the financial prerequisites to carry out such studies using traditional methods with paper questionnaires. Although some differences with regard to socio-demographic patterns among the responders of paper and web existed in our study, the addition of a paper reminder, which according to our results would increase the response rate by 31%, would not eliminate any biases. It would, however, improve the precision. Many lessons were learned from this study. We did not consider that many of the women use a search engine, such as Google (www.google.com), as a startpage. We had not registered the study website on any search engines and therefore the women using this method did not find the study website. Furthermore, several women called and asked for the possibility to download a PDF-version (Portable Document Format) of the questionnaire that would render it possible to print it. They would then answer the questions and login to the website and fill out the web-based questionnaire. The inclusion of a PDF-version of the questionnaire might therefore be a way of increasing response rates in web-based studies as well as limiting bias that may otherwise result if people, as a consequence chose not to respond [15] . The process of sending out reminders to the study population would be substantially simplified if e-mail could be used as a method of contact instead of post. Such a study design would not only cut costs considerably, but also increase the administration efficiency and shorten the time from start till end of the study. In order to limit potential response bias the whole study population should in that case be reachable by this mode [7] . At present, this study design is not possible since no national registries with e-mail addresses exist in Sweden. What is more, O'Neil [21] showed that the notion of having to fill out an e-mail address increases the risk of losing responders. Once filled out however, the people that had done so complete the questionnaire to a larger extent compared to people that had not been required to do so. In this study, we asked the invited women to report an e-mail address if they had one. Unlike in the study by O'Neil et al. this was not obligatory. It is hard to speculate whether or not this affected the dropout by increasing the unwillingness to participate. More studies are needed to learn more about e-mail as a possible method of contact.
The present study has a few limitations. Lack of computer knowledge will affect the willingness to participate. We believe that this lack of knowledge can partly be measured by use of proxy variables such as level of education, income and age. Another factor affecting participation was concerns about the safety of web-based studies. Using a website at the Karolinska Institutet, a well-known and respected institution in Sweden, probably communicates trust thereby enhancing participation. The somewhat insufficient information and knowledge regarding these trust issues, particularly in the older population might have prevented some of the women from participating. This was a concern often conveyed by the women that called the telephone information service. By informing them of the security measures taken, many seemed relieved and willing to proceed and answer the webbased questionnaire. Another limitation was the different technical prerequisites, such as processing power, connection speed etc. that likely varied between participants. This will have had implications for the downloading time and might thus have influenced the participation and the willingness to complete the questionnaire [15, 22] . Efforts were made to develop the questionnaire to suite as many of the most common web-browsers as possible. It was also developed to require as little downloading time as possible. The advantageous interactive features of the Internet might serve as a disadvantage as visual features designed to keep the respondents interested and aid memory might prolong the downloading time thereby increasing the risk of drop-out [22, 23] . Also limiting the generalizability and possibly causing an overestimation of the response rates is the fact that the response to the reminder and the possible choice of response method was confounded by the web method in the original invitation. Our overall response rates may be relatively high given the women's prior willingness to answer the previous baseline questionnaire in 1991/1992. However, we do not expect that there should be a bias with respect to preference for web vs. paper questionnaires. The study has several strengths. Although we addressed an older population of women, which might be the worst age group to approach with regard to computer skills the fact that they had once already demonstrated willingness to participate in medical studies was seen as an advantage. This could, as mentioned above, reduce our possibility to generalize our findings to the general population. Nevertheless, the increase in Internet access and computer usage since the study was performed would probably increase the response rate, compensating for a possible overestimation of the response rate gained [1] . This increase is not limited to Sweden and other high-income countries; on the contrary the development is strongest in countries in the Middle East and Latin America/Caribbean which is promising for a future of epidemiological studies that are not restricted to specific countries, nationality or physical place [15, 24, 25] .
Since all of the women had to identify themselves in the login procedure, there were no problems with multiple completions and mischievous responding, which have been a problem in other web studies, particularly those were the study population was drawn from Internet portals and chat rooms [26] .
One of the major strengths of this study was the possibility to estimate the RR for a number of associations among the source population as well as in the different subgroups (divided according to mode of contact and response). We could thereby get an impression of the possible bias caused by the data collection method used. The use of the web did not lead to bias greater than that related to the use of paper questionnaire.
The huge costs that traditional large epidemiological studies bring about concomitantly with scientifically invaluable research, strengthens the need for new, convenient and cost effective methods that do not forgo scientific quality. Web-based studies convey several advantages such as lower study costs, time and administrative efficiency at the same time as they contribute to increasing quality through inherent methodological properties like constrains and on-line feedback [27] . Collecting e-mail addresses also leaves the possibility to do specific follow-up studies, for example collecting detailed information from a subpopulation or validating certain questions pertaining to a specific syndrome. Our study, as well as other recently performed web-based studies [28] gives us reason to look with optimism on the future use of web-based methods in epidemiological studies.
A general objective in epidemiological studies is for the responders to be representative of the study population, which enables the results to be generalized to that and similar populations. Likewise, respondents to a web questionnaire should be representative of the source population, or at least similar to those who would respond to a traditional paper questionnaire. Given these criteria, we conclude that web-based questionnaires are feasible in population based epidemiological studies among women in Sweden. Although response rates were higher among women with higher level of education and income and non-smokers, the potential bias caused is not different from the one caused by traditionally used methods. The Internet access follows the same development in most parts of the world. As the ''digital divide'' decreases so do the strength of the arguments against this powerful tool for data collection worldwide. Hence there is no reason to suspect that Sweden should be the only country for which web-based data collection is an effective tool. There are no reasons to doubt the development and advance of web-based surveys in epidemiology.
